Abstract Multiple event-level methodology was used to examine the relation between risky sexual behavior and alcohol use among sexually active, heavy drinking college students (N = 221). Using a structured timeline followback interview, participants reported their sexual, alcohol, and drug use behaviors over a 3-month period. Over 2,700 vaginal or anal sexual events were reported from 177 participants. Overall, condom use was not associated with heavy or non-heavy alcohol consumption among those reporting both sexual events concurrent with heavy drinking and when no alcohol was consumed. Results from multilevel regression analyses revealed a more complex pattern. Among women, but not men, less condom use was associated with steady versus casual sexual partners, but partner type interacted with alcohol consumption such that less condom use occurred when heavy drinking preceded sex with steady partners. At the event-level, alcohol consumption among heavy drinking college students leads to risky sexual behavior but the relation differs by gender and partner type.
Introduction
Despite public health efforts to educate individuals about sexual risk behavior and provide solutions to reduce or avoid sexually transmitted diseases (STDs), young people continue to contract HIV and/or STDs at an alarming rate. Rates of HIV transmission continue to rise among young adults, ages 15-24, who accounted for approximately 14% of all new HIV cases in the US during 2005 (Centers for Disease Control and Prevention [CDC] 2006) . The majority of these infections occur through male-to-male transmission (50%) and heterosexual contact (36%) (CDC 2006) . Furthermore, approximately half of all new STDs in the US occur among young adults between the ages of 18 and 24 (Weinstock et al. 2004 ). Thus, evaluating risk behaviors of young adults and promoting risk reduction methods are critical in the prevention and/or reduction of the spread of HIV and other STDs.
Surveys of college campuses have found that at least 70% of young adults are sexually active (American College Health Association [ACHA] 2007; Siegel et al. 1999; Wiley et al. 1996) . For sexually active individuals, correct and consistent condom use has proven to be an effective method of disease and pregnancy prevention (CDC 2003; Niccolai et al. 2005 ). Yet, nearly half of young adults report that they did not use a condom the last time they had sex (ACHA 2007) , and many use condoms inconsistently (Seidman and Reider 1994) . In attempt to reduce the incidence of STDs among sexually active young adults, researchers have sought to identify factors that may influence condom use. One factor that has received much attention and study is the association of risky sexual behavior and alcohol use.
Despite popular belief that people engage in riskier sexual behavior after drinking alcohol, one prominent theory suggests the process may be more complex (Cooper 2006) . Cue salience models (Pernanen 1976; Steele and Josephs 1990; Taylor and Leonard 1983) suggests that alcohol intoxication restricts cognitive capacity such that, when intoxicated, people are less able to attend to, or process, multiple situational cues; instead, intoxicated persons focus solely on the most salient cues. In a sexual situation, for example, the most salient cues are likely to involve sexual pleasure and arousal; when individuals are under the influence of alcohol, more subtle cues to sexual risk, such as a partner's HIV-status, may not be considered. Therefore, the salient cues of sexual pleasure and arousal may circumvent the distal cues to use condoms. Findings from some laboratory studies support this model (e.g., Gordon et al. 1997; MacDonald et al. 1998; MacDonald et al. 2000) . For example, MacDonald and colleagues (2000) show that when intoxicated, sexually aroused participants intended to have more unprotected sex than when they were not intoxicated. Evidence of the relation between risky sexual behavior and alcohol use examining actual behavior, however, has been mixed (see Cooper 2002; Leigh and Stall 1993 for reviews) .
Researchers have suggested that inconsistent findings are related to the methods used to assess the link between risky sexual behavior and alcohol use (Cooper 2002 (Cooper , 2006 Leigh and Stall 1993; Weinhardt and Carey 2000) . In global association studies, participants report the number of times they engaged in unprotected sex and the overall frequency of their alcohol use during a specified reporting period (e.g., past 3 months); these studies tend to find positive relations between sexual risk behavior and alcohol use. For example, Wechsler and colleagues (1995) found that heavy drinking college students, compared to nonheavy drinking students, were nearly three times as likely to have had two or more sexual partners in the past month. In these studies, it is unclear whether participants engage in risky sexual behavior because they are drinking or as a result of some ''third factor'' such as the social environment that facilitates both behaviors.
In contrast, situational association studies typically look for associations between participants' (a) risky sexual behavior (frequency or dichotomous measure of engaging in risky sexual behavior) and (b) use of alcohol during sex (frequency or dichotomous measure of ever having sex concurrent with drinking). Consistent with the general findings from the global association studies, situational association studies find a positive relation between risky sexual behavior and alcohol use. This method provides more specific information than global association studies however, Leigh and Stall (1993) point out two limitations: (a) the relation between risky sexual behavior and alcohol use with sex may simply reflect the relation between total amount of sex and total amount of risky behavior and (b) the co-occurrence of risky sexual behavior and alcohol use is unclear (cf. Weinhardt and Carey 2000) .
Unlike global and situational association studies, eventlevel studies examine the co-occurrence of risky sex and alcohol use. A meta-analysis of 13 event-level studies examining discrete sexual events found a relation between risky sexual behaviors and alcohol use for first sexual experience but not for recent sexual experiences or recent sex with new partners (Leigh 2002) . Single event-level studies examining a single event represent an improvement over global and situational studies however, multiple-event studies provide even richer data (i.e., provide a more representative sample of an individual's sexual behavior over time). Analysis of multiple event-level data also allows for participants to serve as their own controls; making comparisons for each participants' risky sexual behavior concurrent with alcohol or when not drinking, while controlling for individual differences . Despite the advantages of multiple event-level data, few studies have used this methodology (for reviews, see Cooper 2002; Weinhardt and Carey 2000) .
In the current study, we use multiple event-level methodology to examine the relation between risky sexual behavior and alcohol use among heavy drinking college students. The timeline followback method (TLFB; Sobell and Sobell 1996) was used to obtain multiple event-level data while minimizing the potential reactivity of daily reports (which may induce behavioral changes due to the daily reminder of participants' behavior; Weinhardt et al. 2001) . Given (a) the high rates of alcohol consumption and heavy episodic (binge) drinking among college students, compared with their non-college/part-time college peers (Substance Abuse and Mental Health Services Administration [SAMHSA] 2006), (b) the low rates of condom use in this population (ACHA 2007; Seidman and Reider 1994) , and (c) the association of alcohol use and risky sexual behavior (e.g., multiple sexual partners; Cooper 2002) , examining multiple sexual events in a high-risk sample of college students (i.e., sexually active, heavy drinkers) can elucidate the relation between sexual behavior and alcohol use. Moreover, such research can explore individual (e.g., gender) and situational (e.g., partner type, the use of another form of birth control) factors related to risky sexual behavior. Gender may be an important moderator of risky sexual behavior and alcohol consumption (c.f., Cooper and Orcutt 2000; Neal and Fromme 2007) , however, results from metaanalytic and literature reviews (examining single event-level studies) have found an inconsistent relation between risky sexual behavior and alcohol consumption with respect to gender (see Cooper 2002; Leigh 2002; Weinhardt and Carey 2000) . Because men consume more alcohol, have direct control over condom use, and avoidance of condom use is seen as more masculine (Campbell 1995; Capraro 2000; DeBro et al. 1994; O'Malley and Johnston 2002; Pearson 2006) , the relation between alcohol consumption and condom use may be more pronounced for men rather than women. Several studies have suggested that partner type (i.e., casual versus steady) influences the degree to which alcohol consumption is related to risky sex (e.g., Brown and Vanable 2007; LaBrie et al. 2005; Testa and Collins 1997) . Event-level studies among college students have shown both an increase (e.g., Brown and Vanable 2007) and decrease (e.g., Leigh et al. 2008) in the probability of unprotected vaginal sex concurrent with alcohol consumption with casual sexual partners. Research also shows a decrease in condom use among individuals using another form of birth control (Dekin 1996; Leigh et al. 2008; Middleman et al. 1997) . Examining the relation between sexual behavior and alcohol use, including factors known to be related to risky sexual behavior, can guide intervention development to reduce or avoid HIV and/or other STDs among young adults.
We extend limited previous research in this population by examining alcohol use and sexual behavior patterns among women as well as men, and distinguishing between sexual events following heavy episodic (binge) alcohol use and non-heavy (binge) alcohol use (cf. LaBrie et al. 2005; Leigh et al. 2008) . Using a multiple event methodology, and guided by cue salience models (Pernanen 1976; Steele and Josephs 1990; Taylor and Leonard 1983) as well as extant research, we expected condom use would be less likely during vaginal or anal sex after alcohol consumption occurred compared to when alcohol was not consumed; because the salient cues of sexual arousal may reinforce men's desire to exert their masculinity and discount requests for condom use, men would be less likely to use condoms when drinking compared with women; condoms would be used more frequently with casual rather than steady partners; and would be reduced when another form of birth control (e.g., oral contraceptives) was used because condom use diminishes as the strength of a relationship increases (Cooper and Orcutt 2000; Macaluso et al. 2000) ; and gender and partner type would interact such that men would use condoms less with casual, but not steady, sexual partners after heavy drinking.
Method

Participants
Participants were 221 undergraduates (67% female, 87% White, M age = 19 years, 55% freshman, 21% Greek members/pledges) attending Syracuse University. Inclusion criteria included reporting (a) C1 episode of heavy episodic drinking (i.e., five drinks on a single occasion for men, four for women) episodes in the last month (Wechsler et al. 1994) ; (b) sexual activity during the past 90 days (defined as having any vaginal, anal, or oral sex); and (c) age of 18-25. The study was approved by Syracuse University Institutional Review Board and written informed consent was obtained from all participants.
Procedures
Participants participated in a larger study examining brief motivational interventions for heavy college drinkers (Carey et al. 2006) . Introductory psychology students who volunteered to participate in the study in exchange for partial course credit were administered baseline questionnaires in groups. Students providing contact information (i.e., indicating they were interested in participating in the larger study) were telephoned and given further details. Interested students met with a research assistant (RA) in a private office and provided written consent. A sub-set of consenting participants were randomly assigned to complete the TLFB interview. (The alcohol intervention was not initiated until the following week.) Of the 262 participants who completed the TLFB interview, 84% (n = 221) were sexually active and were included in the analyses.
Measures
A modified and validated version of TLFB interview was administered by trained RAs using standard procedures Sobell and Sobell 1996) . A calendar, marked with university holidays and campus events, was used to aid participants' recall of their behaviors. RAs sequentially assessed participants' alcohol use, drug use, and sexual behavior starting with the current week and working backwards for a total of 12 weeks. In the sexual behavior phase of the assessment, participants first identified the number of sexual partners they had in the last 12 weeks; they reported partner(s) initials, gender, whether or not they were in a committed relationship (defined as both partners having an understanding that they will not have sex with other people), and the length of the relationship. Partner type was coded as steady if the participant reported a committed relationship for the last two months and casual if participant reported a non-committed relationship (i.e., has sex with occasionally and both partners having an understanding that they will have sex with other people). Next, for each sexual event, participants reported the number and type of sex (vaginal, anal, or oral) , partner initials, whether condoms and/or other birth control (e.g., oral contraceptives) were used, and if they were under the influence of alcohol and/or drugs. Participants were given definitions of standard drinks and sexual terms (e.g., vaginal, anal, or oral sex). TLFB interviews were typically completed in 30 min.
Data Management and Analysis
The TLFB data were entered independently by two RAs, checked for accuracy, and corrected. Data abstraction was restricted to vaginal or anal sexual events only given the relatively lower risk of HIV and other STDs associated with oral sex (Campo et al. 2006) . For all of the analyses, results are based on variables that combine vaginal or anal sex; oral sex is not included. Thus, when we use the term ''sex,'' we are referring to vaginal or anal sex. Because we focused on alcohol use, sexual events concurrent with drug use were excluded from the analyses.
We used two types of analyses to test our predictions: (a) within-subjects t-tests and (b) multilevel regression modeling. To directly evaluate the within-person effects of alcohol use on sexual behavior, we conducted within-subjects t-tests. These tests compared participants' condom use with concurrent alcohol use (i.e., non-heavy alcohol consumption, heavy drinking) compared with their condom use when no alcohol was consumed. The proportion of protected sexual events concurrent with non-heavy alcohol consumption, heavy drinking, or when no alcohol consumption occurred was calculated using the following formula: number of protected sex events divided by the sum of the number of unprotected and protected sex events. These three variables (protected sex with concurrent alcohol consumption, heavy drinking, or nonheavy alcohol consumption) were also calculated by gender and partner type (steady or casual). Because we assumed that alcohol consumption would undermine condom use (i.e., a directional hypothesis), we used one-tailed significance tests.
Due to the hierarchical structure of the data (i.e., sexual events nested within participants), we used the generalized linear mixed model (GLIMMIX) procedure of SAS (with a binomial distribution and logit link function) to further examine the relation between condom use and alcohol consumption. Specifically, the probability of condom use (yes, no) was predicted from alcohol consumption concurrent with sex (heavy drinking and non-heavy drinking events; yes, no), partner type (steady, casual), and use of other birth control (yes, no) for the 175 participants reporting vaginal or anal sex events (two participants were dropped from analyses due to extreme number of sexual events reported). Generalized linear mixed models (or random-effects regression models) extend generalized linear models by including random effects in the predictors thus accounting for the correlated nature of the data (Hedeker and Mermelstein 2007; Schabenberger 2005; Zhou et al. 1999) . Among the advantages afforded by these models, (a) there is no assumption that participants are measured at the same time or the same number of time points, and (b) the models can estimate participant-specific change (Hedeker and Mermelstein 2007) .
Results
Characteristics of the Sample
In the past 3 months, a total of 5,152 sexual events were reported (2,722 vaginal, 31 anal, and 2,399 oral events).
Overall, participants reported an average of 23.29 (SD = 29.03) sexual events (Mdn = 13.00, range = 1-175 events). Of the 221 (67% female) sexually active participants, 177 (80%; 68% female) reported having vaginal or anal sex. The number of vaginal sexual events ranged from 1 to 89 (M = 15.47, SD = 16.45, n = 177) and anal events ranged from 1 to 23 (M = 3.88, SD = 7.74, n = 8). A total of 663 vaginal or anal sexual events concurrent with alcohol and/or drugs were reported by 124 (70%) participants. Of these events, 526 events occurred with alcohol only, 80 with alcohol and drugs, and 57 with drugs only. Marijuana was the most frequently used drug concurrent with sex (90% of combined alcohol and drug events and 82% of drug-only events).
1 Condoms were used in 1,517 (55%) of the vaginal and anal sexual events. Steady sexual partners accounted for 2,204 (80%) vaginal and anal events whereas 549 (20%) sexual events were with casual partners. Table 1 reports a summary of participants' behavioral characteristics.
Event-Level Analyses
Direct Effect of Alcohol on Condom Use
Condom use was examined among participants reporting either concurrent heavy drinking (i.e., C 5 drinks for men, C 4 drinks for women; Wechsler et al. 1995) or nonheavy drinking, and no alcohol consumption events. Table 2 reports the proportion of condom use concurrent with heavy alcohol consumption, non-heavy alcohol consumption, and when no alcohol consumption occurred. Contrary to our hypotheses, heavy and non-heavy alcohol consumption was not associated with rates of condom use among those reporting both sexual events concurrent with heavy drinking and when no alcohol was consumed. Differences in unprotected sex by gender and partner type were also examined: heavy alcohol consumption was marginally associated with less condom use among men (P = .07) and significantly associated with steady sexual partners (P \ .01).
Predicting the Probability of Condom Use
Multilevel regression modeling was used to predict the probability of condom use (yes, no) from heavy or nonheavy alcohol consumption concurrent with sex (yes, no) for the 175 participants reporting vaginal or anal sex events. As a preliminary analysis we fit simple models of condom use followed by two models that included partner type (steady, casual) and the use of another form of birth control (yes, no) as event-level variables. Consistent with our direct test of alcohol consumption on condom use, the probability of condom use was not associated with heavy drinking concurrent with sex (Odds Ratio [OR] = 0.75, 95% confidence interval [CI] = 0.48, 1.17; results not tabled) or non-heavy alcohol consumption (OR = 0.89, 95% CI = 0.32, 2.44; results not tabled). Table 3 reports the results of the analyses with the event-level variables by men and women. In these analyses, we include an interaction term (computed from the alcohol consumption and partner type dichotomous variables) that can be interpreted as showing the interaction of sex concurrent with heavy drinking (or non-heavy drinking) with steady sex partners For men, the odds of condom use was not related to alcohol consumption (heavy or nonheavy drinking). In both models, the odds of condom use were reduced when men's partners used another form of birth control. Partner type was not associated with condom use among men.
For women, condom use was reduced when a woman reported steady versus casual sexual partners and decreased with the use of another form of birth control. The relationships between type of drinking event and condom use were more complex. By itself, type of drinking event did not influence condom use; rather, heavy alcohol consumption interacted with partner type. Thus, contrary to our hypotheses, during heavy episodic drinking events, women were less likely to use a condom with a steady partner.
Discussion
The current study used multiple-event level methodology to examine the relation between risky sexual behavior and concurrent alcohol use among heavy drinking college men and women over a three-month period. Results from this study provide evidence of a relation between unprotected vaginal and anal sex (i.e., less condom use) concurrent with heavy alcohol consumption but this relation varied by gender and partner type (steady versus casual). Withinsubjects analyses, restricted to those who reported both heavy alcohol consumption concurrent with sex and sex when no alcohol consumption occurred, revealed an association between less condom use and heavy alcohol consumption with steady but not casual sexual partners, contrary to our hypotheses. Our multilevel regression models showed a more complex pattern. Consistent with the within-subjects analyses, condom use was unrelated to alcohol consumption for both men and women. Among women, but not men, less condom use was associated with steady versus casual sexual partners, but partner type interacted with alcohol consumption such that less condom use occurred when heavy drinking preceded sex with steady partners. Accordingly, our study reveals gender-linked patterns with distinct prevention implications. Overall, these results elucidate the need to address the following two aspects associated with risky sexual behavior. First, failure to use condoms concurrent with alcohol consumption in steady sexual relationships suggests that the risk of HIV and/or STDs may be higher for young adults with steady rather than casual sexual partners. Steady relationships are often perceived to be inherently safe whereas casual relationships are perceived to be risky (Hammer et al. 1996; Misovich et al. 1997) . Because condoms are typically used for pregnancy (rather than disease) prevention (Cooper et al. 1999) , condoms are often replaced with the use of oral contraceptives as a relationship develops (e.g., Cooper and Orcutt 2000; Lansky et al. 1998; Macaluso et al. 2000) . Thus, established sexual scripts with steady partners preclude safer sex discussions and/or negotiations. Alcohol consumption may further restrict discussion of safer sex practices among steady partners as couples are likely to rely on these implicit sexual scripts when the opportunity for sex arises (c.f., Pernanen 1976; Steele and Josephs 1990; Taylor and Leonard 1983) . Among young adults, however, those steady relationships are typically characterized as a series of sequential short-term (''serial'') monogamous relationships (e.g., Hammer et al. 1996; Moore and Rosenthal 1991) . Reliance on established sexual scripts that typically include pregnancy-but exclude disease-prevention methods in serially monogamous relationships exacerbates the risk of STD infection. Indeed, mathematical models have shown serial monogamous or concurrent relationships accelerate the spread of HIV and/or STDs (e.g., Kretzschmar and Morris 1996) . Second, our finding that women have more unprotected sex with a steady partner after heavy drinking suggests that gender-based power imbalance (see Amaro 1995; Wingood and DiClemente 2000) may inhibit women's ability to negotiate safer sex. Because men have direct control over male condom use, women must rely on the cooperation of their male partners to use male condoms (Pearson 2006) . Relationship power inequality may thwart women-initiated disease-prevention (i.e., female condom use) as well as discussion and/or negotiation with a sexual partner (e.g., Pulerwitz et al. 2002; Wingood and DiClemente 1998) . Not only does lack of relationship power impact a woman's ability to negotiate safer sex, lack of power may also inhibit her ability to refuse sex in coercive situations (e.g., Muehlenhard and Linton 1987; Testa and Livingston 2000) . Alcohol consumption may further inhibit a women's ability to refuse sex (e.g., Pumphrey-Gordon and Gross 2007) and may lead to misperceptions in women's intentions for sex. Indeed, numerous studies have documented the relation between alcohol consumption and sexual coercion among college students (for reviews, see Abbey 2002; Adams-Curtis and Forbes 2004) . Once a sexual script has been established in these unequal power relationships, alcohol use is again likely to lead to increased sexual risk. For women, the combination of gender-based power imbalance and alcohol consumption may be particularly detrimental as women's risk of contracting HIV and/ or STDs through heterosexual contact is eight times higher than that of men (Padian et al. 1997) . Risky sexual behavior associated with serial monogamy and relationship inequality suggests a need for further intervention development among steady relationship partners. Too often, sexual risk-reduction interventions are individually-based rather than partner-specific. These interventions may address interpersonal communication and/or negotiation needs but in the absence of the participants' steady partner. Partner-specific interventions would not only provide relationship building opportunities (which may lessen relationship inequality) but would also afford discussions of the importance of condom use in steady relationships, condom skills training that focuses on eroticizing safer sex, and the role of alcohol in safer sex decision making. Some dyadic programs have been developed (e.g., Wu et al. 2005 ) but they have not, to our knowledge, been implemented with college student couples. Addressing prevention needs among young adults in serially monogamous relationships is imperative in reducing the spread of HIV and/or STDs.
Several factors are important in interpreting these findings. First, our sample of sexually-active heavy drinking college students attending a university in upstate New York is a limited sample that may not be representative of the overall population of heavy-drinking individuals. Still, examining the relation between risky sexual behavior and alcohol use among high-risk college students is valuable given the high rates of alcohol consumption, lack of condom use, and association of alcohol use and risky sexual behavior among college students. Second, the data were gathered from retrospective self-reports which may increase recall errors (e.g., recent and/or salient events recalled more accurately than earlier and/or indistinctive events). To minimize these memory errors we used an assessment tool that included techniques to aid participant recall . Additionally, previous research has demonstrated the test-retest reliability of the TLFB interview for sexual behavior (Weinhardt et al. 1998 ). Third, we did not assess other individual characteristics (e.g., coping style, sensation seeking) that may account for the association between risky sexual behavior and alcohol use. Nonetheless, by using a within-subjects design, we reduced error variance associated with individual differences given that participants served as their own controls.
Conclusion
This research supported the popular belief that unprotected sex is associated with alcohol use at the event-level but this relation differs by gender and partner type. The present research suggests that interventions among sexually-active heavy-drinking college students should focus on the risk of STD transmission in steady relationships, which tend to be serially monogamous in this population (see Hammer et al. 1996) . Sexual risk-reduction interventions often focus on and find the most change by addressing casual rather than steady relationships (e.g., Keller and Brown 2002; Sanderson 1999) . Failure to use condoms, especially among women, in steady relationships may put young people at increased risk of HIV infection. Future intervention development should focus on partner-specific interventions to address the lack of condom use and perceived safety of steady sexual relationships.
